ABSTRACT A study was conducted to evaluate the effect of sexual maturity on pectoralis major and gastrocnemius muscle protein turnover in broiler breeder pure lines. Protein turnover in skeletal muscle tissue was determined in 4 broiler breeder pure lines (Line A, Line B, Line C and Line D) at 22, 27, 33, 37, 44, and 50 wk of age. A completely randomized design with a factorial arrangement 4 × 6 (4 lines and 6 time periods (ages)) was used. There were 5 replicates per line/time and each hen represented a replicate. Five hens/line at each age were given an intravenous flooding-dose of 15 N-phenylalanine (150 mM, 40 atom percent excess (APE) at a dose of 10 mL/kg. After 10 min, birds were euthanized using CO 2 asphyxiation and the breast and leg muscle excised and snap frozen in liquid nitrogen for protein turnover analysis. Excreta was collected from each breeder for 3-methyl histidine (3-MH) analysis. There was a significant age effect for the breast muscle fractional synthesis rate (FSR), but no main effects (age and line) for leg muscle FSR. The FSR in breast muscle tissue decreased in hens from wk 22 (first egg) to wk 33 (peak egg production). There was a significant age effect on fractional breakdown rate (FBR) in breast and leg muscle. The FBR in breast muscle increased in hens from wk 22 to wk 33 and remained high through wk 37. Breast muscle FBR significantly decreased in hens from wk 37 to wk 50. The FBR in leg muscle tissue increased in hens from wk 33 to wk 37 and then decreased at wk 50. No line effect was seen for FSR or FBR. There is a large increase in skeletal muscle FBR during the transition for the pullet to sexual maturity with increases in skeletal muscle FBR in the breast and leg muscle through peak egg production. Protein turnover in skeletal muscle tissue is believed to be a source of nutrients for egg production.
INTRODUCTION
Protein accretion in the whole animal occurs due to small differences between synthesis and degradation rates (Muramatsu, 1990 ). The dynamic process by which body proteins are continually synthesized (synthesis rate) and broken down (breakdown rate) is protein turnover (Schoeheimer et al., 1939) . Since protein production from livestock and poultry is a key component in meeting global nutrition needs, a better understanding of protein turnover mechanisms is important.
After the early studies in protein turnover by Schoeheimer et al. (1939) , other researchers started using the isotope approach to study skeletal muscle pro-tein synthesis and degradation (Garlick, 1969; Goldspink et al., 1983 Goldspink et al., , 1984 Barret et al., 1987; Bennet et al., 1990; Berger, 2008) . Garlick et al. (1980) first developed the flooding dose technique using (3H) phenylalanine in rats. Muramatsu et al. (1985 Muramatsu et al. ( , 1987 Muramatsu et al. ( , and 1990 validated this technique in broilers. Different studies have been conducted to determine protein turnover in broilers, broiler breeders and laying hens using the flooding dose technique with stable isotopes, specifically 15N-phenylalanine (Dänicke et al., 2001; Ekmay et al., 2012 Ekmay et al., , 2013a Hitamoto et al., 1990, respectively) .
Besides protein turnover being important for growth and protein accretion in young growing animals, research indicates that protein turnover may also be important for egg production in poultry (Ekmay et al., , 2013a Vignale et al., 2016) . Previous research has shown that the fractional breakdown rate (FBR) of pectoralis major increased at sexual maturity and then declined with additional egg production (Ekmay et al., , 2013a . Furthermore, Vignale et al. (2016) 531 reported an increase in FBR with peak egg production and a decrease of FBR as peak egg production decreased. The objective of the present study was to determine the protein turnover dynamics throughout the laying phase of broiler breeders of different pure lines.
MATERIALS AND METHODS

Birds and Housing
All procedures were conducted in accordance with Animal Use Protocol No. 13,002 for the experiment, which was approved by the University of Arkansas Institutional Animal Care and Use Committee. A total of 1,200 birds were used for this trial. Four flocks (300 birds/flock) of Cobb pure line broiler breeder hens from lines: A, B, C, and D were received at 20 wk of age. Two of the pure lines were male lines and 2 of the pure lines were female lines. Housing and management conditions during the pullets rearing period were based on the Cobb Breeder Management Guide (Cobb-Vantress, 2008) . Each line represented a treatment and a total of 300 20-wk-old breeders were used per treatment. The Cobb Breeder Management Guide (Cobb-Vantress, 2008 ) was used as a reference for all management conditions. Birds were reared in a production house and individually caged. Cages (47 cm high, 30.5 cm wide, and 47 cm deep) were each equipped with an individual feeder and nipple drinker. All birds were individually weighed every 5 wk and egg production was recorded daily. The birds from all treatments (lines) in the production house were fed the same diet and amount every day as a flock. The feed amount was increased each wk from 21 wk to 5% egg production. Feed allocation for all breeder hen lines was increased 8 times from 5% production to 60% (feed increases with each 8% increase in % egg production) with feed increases consisting of 5%, 5%, 10%, 10%, 15%, 15%, 20%, and 20%. The breeders for each of the treatment groups were fed 332 kcal metabolizable energy (ME) at 5% production and increased to 400 kcal ME and 21 g protein/d at peak production (Table 2 ) previously determined by Salas et al. (2010) and Ekmay et al., 2013b Ekmay et al., , 2014 , respectively. Peak feed was fed from 60% egg production until the breeders reached peak egg production at 30 wk. Feed withdrawal was immediately initiated after peak production by reducing the feed allocation 1 g/wk/bird (3 kcal ME/g/wk) until wk 43 of age. Birds were fed 123 g/d from wk 43 until 50 wk of age, at which time the study was terminated. Experimental diets are shown in Table 1 . Performance parameters such as feed intake, body weight (BW), mortality and egg production were recorded.
Infusion Procedure
The 15N-phenylalanine infusion procedure was performed as described by Ekmay et al. (2012; 2013a) . Briefly, 5 birds (4 infused, 1 control) per treatment were randomly selected and infused via wing vein at the following ages: 22, 27, 33, 37, 44, and 50 wk of age with a 40 atom percent excess (APE; atom percent above background) 15N-phenylalanine solution utilizing a dose of 10 mL/kg BW. The pure line breeders were infused 5 h after being fed. After a 10 min incorporation period, birds were sacrificed using CO 2 asphyxiation, the left pectoralis major muscle (breast) and gastrocnemius muscle (leg) were excised and snap frozen in liquid nitrogen. Total excreta was collected for each breeder for a 3-d period, samples were pooled and frozen for later analysis. The muscle and excreta samples were stored at −80
• C prior to analysis.
Body Composition
All infused birds were scanned before sampling for body composition using a dual X-ray absorptiometry (DEXA; Model: Lunar Prodigy GE, 2008; GE Healthcare, Little Chalfont, UK) as described by Salas et al. (2012) . Birds were scanned alive in a ventral position. DEXA provides estimates in any units of fat mass (adipose tissue) and lean mass (skeletal muscle). The DEXA was previously calibrated with chemical body analysis and prediction equations developed by where the R values for the prediction equations using DEXA values were 0.999, 0.96, and 0.99 for total mass, fat, and lean mass (P < 0.001) ).
Sample Processing
Pectoralis major and gastrocnemius muscle and excreta samples from the test broiler breeder pullets and hens were processed as previously described (Ekmay et al., , 2013a . Briefly, the acid-soluble fraction containing free amino acids was removed by addition of 2% (w/v) perchloric acid. After homogenization, samples were centrifuged at 3,000 × g and the supernatant, containing free amino acids, removed. The protein precipitate was washed 3 times with 2% perchloric acid before being hydrolyzed in 6 N HCl. The supernatant and precipitate, respectively, were injected onto an ion-exchange column packed with Dowex 50WX8-200 (Sigma-Aldrich, St. Louis, MO). Phenylalanine and 3-MH were eluted with 2 mL of 4 N NH 4 OH and 1 mL of nanopure H 2 O into a new vial and dried under vacuum. The tert-butyldimethylsilyl (tBDMS) derivative was formed by addition of 800 μL of C 2 CH 3 CN-MTBSTFA (acetonitrile-N-methyl-N-(tert-butyldimethylsilyl) trifluoroacetamide) (1:1) and incubation at 110
• C for 120 min. Excreta was processed without the removal of the acid-soluble fraction.
GC/MS Analysis
Analysis of the protein precipitate of breast and leg samples and free amino acids was carried out on an Agilent 7890A GC system attached to an Agilent 5975C mass spectrometer. Helium was used as the carrier gas at 1 mL/min; a 1 μL volume was injected in splitless mode. Starting oven temperature was 150
• C and increased 50
• C/min to 200 • C, after which temperature was increased 20
• C/min to 270 • C and was held for 5.5 min. The mass spectrometer was operated under EI and SIM modes. The 394 and 395 m/z (mass/charge) ions of phenylalanine-tBDMS, representing the molecular ion and molecular ion +1 were monitored. Standard solutions (in 0.1 M HCl) were prepared from the same phenylalanine stock to validate APE linearity.
3-MH was determined on the same mass spectrometer. Helium was used as the carrier gas at 1 mL/min; a 1 μL volume was injected in splitless mode. Starting oven temperature will be 110
• C and held for 0.65 min, then temperature was increased 30
• C/min to 250
• C, and held for 10 min. The mass spectrometer was operated under EI and SIM modes. The 238 m/z (mass/charge) ions of 3-MH-tBDMS, representing the molecular ion was monitored. Standard curves were generated using commercially acquired stock (SigmaAldrich, St. Louis, MO).
Skeletal muscle fractional synthesis rate (FSR) (Ks) was calculated as:
Where APEbound, = 15 N atom percent excess (relative to natural abundance) of phenylalanine in Muscle protein APEfree = 15 N atom percent excess of free phenylalanine in tissues, assumed as the Precursor pool
Skeletal muscle fractional breakdown rate (FBR) (Kd) was calculated as:
Statistical Analysis
The experimental design for this trial was a completely randomized design with a 4 × 6 factorial arrangement (4 lines and 6 time periods (ages)). There were 5 replicates per line/period and each bird represented a replicate. Analysis of variance was performed using JMP pro 11 software (second edition 2014; SAS Institute, Cary, NC), and means were separated by Tukey test when main effects and/or interaction P-value < 0.05. 
RESULTS
Performance Parameters
Body weight and egg production by line and age are shown in Tables 3 and 4 . Overall egg production by line is shown in Figure 1 . There was no interaction between lines and age on BW; however, a line effect was seen. From wk 23 to wk 27, Line C and D were significantly lighter in BW compared to line A and B. However, after wk 27 and through the end of the study at 50 wk, line B was significantly heavier when compared to the other lines (P < 0.05; Table 3 ). There was no age by line interaction effect between lines and age on egg production (P > 0.05; Figure 1) . A line effect was seen with Line B producing less total cumulative eggs at wk 50 when compared to the other lines (P < 0.01; Table 4 ).
Fractional Synthesis and Breakdown Rate: Breast Muscle
Broiler breeder breast skeletal muscle (pectoralis major) FSR and FBR by line and age are shown in Table 5 and Figures 2 and 3 . There was a FSR main effect for age, but there was no statistical interaction for the breast muscle FSR between lines and ages and no line effect was seen. Breast muscle FSR significantly decreased in hens from wk 22 (first egg) to wk 37 (9.4%/d to 3.22%/d; P < 0.05). A significant contrast was observed for the pectoralis Table 5 for significance. For each group, n = 5 per mean. Table 5 for significance. For each group, n = 5 per mean. major muscle FSR for line A and C. Line A showed higher pectoralis major muscle FSR than line C at 22 and 27 wk of age (10.85%/d vs 4.79%/d, 12.31%/d vs 6.22%/d, respectively; P = 0.026, 0.028, respectively). There was a significant age main effect for FBR, but there were no statistical interactions found for the pectoralis major muscle FBR between lines and ages, and no line effect was seen. The FBR in breast skeletal muscle tissue significantly increased in hens from wk 22 (first egg) to wk 33 (peak egg production) (21.23%/d to 26.80%/d; P < 0.0001) and remained the same at wk 37 (28.47%/d). Skeletal pectoralis major muscle FBR significantly decreased in hens from wk 37 to wk 50 (28.47%/d to 6.39%/d; P < 0.0001).
Fractional Synthesis and Breakdown Rate: Leg Muscle
Broiler breeder leg skeletal (gastrocnemius) muscle FSR and FBR by line and age are shown in Table 5 and Figures 4 and 5. There was no significant age or line main effect for FSR for the gastrocnemius muscle. The age main effect for FBR was significantly different but there was no statistical interaction for gastrocnemius FBR between lines and ages. The FBR in leg skeletal muscle tissue increased in hens from wk 33 (peak egg production) to wk 37 (20.18%/d to 24.34%/d; P < 0.0001), then decreased significantly at wk 50 (5.46%/d; P < 0.0001).
Body Composition
Broiler breeder body composition by line and age are shown in Tables 6 and 7 . There was an interaction between age and line on fat mass as a percentage of total mass. Line C hens showed higher fat percentage at 33 and 37 wk of age (27.41%, 27.92%, respectively; P < 0.001) when compared to the other lines. There was also an interaction between age and line on lean mass as percentage of total mass. Line C hens had a lower lean Table 5 for significance. For each group, n = 5 per mean. percentage at 33 and 37 wk of age (62.62%, 61.88%, respectively; P < 0.001) when compared to the other lines. Total mass was significantly affected by age as the total mass was increased for the pure lines during the study.
DISCUSSION
Protein turnover studies with broilers, broiler breeders and laying hens using the flooding dose technique with stable isotopes, specifically 15N-phenylalanine have been previously reported (Hitamoto et al., 1990; Dänicke et al., 2001; Ekmay et al., 2012 Ekmay et al., , 2013a . Findings of previous protein turnover studies conducted on broiler breeders are in accordance to the current ones (Ekmay et al., , 2013a .
Results of the present study show that skeletal muscle (pectoralis major and gastrocnemius) protein FSR from broiler breeders significantly decreased as they approached peak egg production and the FBR significantly increased during the same period. After egg production slowed down, skeletal muscle fractional synthesis rate tended to increase whereas the breakdown rate decreased significantly. The fact that no differences were found between hen lines might suggest that this phenomenon is more related to the production phase than to the line itself. Feed restriction and degree of egg production might be affecting the changes in protein turnover before and after peak egg production. These results are in agreement with what was reported by Manangi and Coon (2006) . The authors reported an increase in skeletal muscle FBR from 22 to 26 wks. The researchers suggested that there is increased mobilization of skeletal muscle for egg formation. The rise in skeletal muscle FBR for both the pectoralis major and gastrocnemius muscle in the present study as hens enter sexual maturity suggests that the pure lines also may use the skeletal muscle protein breakdown to support egg production. Vignale et al. (2016) reported a similar trend in skeletal muscle FSR and FBR for parent stock broiler breeders reared with different gain curves during the rearing period. The authors reported an increase in FBR with peak egg production and a decrease as peak egg production decreased. The elevated FBR findings were reported to be related to an elevated gene expression for Atrogin-1 and MURF-1 (skeletal muscle specific ubiquitin proteasome E3 ligases) and increased expression of AMP-activated protein kinase gamma 3 subunit in pectoralis major of 31-week-old breeders compared to expression of genes in same tissue of 16-week-old pullets and 60-week-old breeders. Salas et al. (2017) conducted a trial where pullets were fed a daily 15 mg dose of U-13C-glucose 10 d prior to sexual maturity continuing through 10 d following first egg. The authors were able to conclude that the U-13C-glucose is being utilized for de novo yolk fatty acid synthesis at a higher level at the beginning of the production period compared to synthesizing yolk from glucose by older breeder hens. In the present study, FBR of skeletal muscle tissue increased as birds entered sexual maturity, which could provide amino acids for protein synthesis in albumen and yolk and produce glucose for gluconeogenesis.
Figures 4 and 5 show that the FBR in leg muscle peaked at a lower rate at wk 33 compared to breast muscle FBR and did not show a similar plateau for FBR for wk 33 to wk 37. The lower FBR for the gastrocnemius muscle might suggest that breeders are relying more on breast muscle than on leg muscle as a source of protein for egg formation. FSR of skeletal muscle (pectoralis major and gastrocnemius) tissue decreases as the breeders initiate egg production, whereas FBR increases, suggesting again the use of skeletal muscle protein to produce eggs. Biologically, at sexual maturity, the ability to decrease the energy and amino acid cost for muscle protein synthesis and shift the spared nutrients toward egg production would be logical. The logic is both the breast and leg skeletal muscle might be playing a role in supplying substrate (amino acids) to be used for peak production in making the yolk and albumen, extra calories to be used to make ATP to help synthesize yolk and albumen or after amino acids are converted to glucose through gluconeogenesis to maintain the physiological glucose needs for the specific requirements of glucose. The breast muscle is larger and would supply more amino acids than amino acids from the gastrocnemius muscle. The dramatic increase in skeletal muscle FBR at sexual maturity and peak production for parent stock as well as pure lines may be from genetic selection of fast-growing meat lines and the need for extensive feed restriction programs utilized for regulating BW in modern broiler breeders. Vignale et al. (2013) conducted a study with commercial brown laying hens and evaluated the FSR and FBR during egg production. The authors concluded that FBR increased at sexual maturity in the brown layers similar to what is observed in broiler breeders. The FBR increased in the brown layers 3.5 times from 16 to 25 wk (peak egg production) and decreased back to a base level by 31 wk. The reduction in FBR in layers after an initial surge may be due to an increase in feed intake for commercial layers following sexual maturity and increased egg production. Boonsinchai et al. (2014) conducted a study with parent stock broiler breeders and tested 6 different feeding programs during the production phase. The feeding programs consisted of regular breeder diets with or without feed withdrawal after peak egg production and some of the feeding programs consisted of increasing the feed intake at 32, 35, or 40 wk of age. The authors found that breeders on feeding programs that maintained or increased feed intake after peak production instead of withdrawing feed and nutrients had enhanced hatching egg production with larger egg size and larger chick weights from 45 to 65 wk of age. The authors suggested that feed withdrawal after peak when using reduced energy, protein, and amino acid intake established for breeders in metabolic cages may not provide adequate energy for breeder hens to maintain egg production during the last part of the production phase. A major difference of the research from Vignale and group (2016) compared to present research was the parent stock breeders showed an elevated FBR from peak production through 37 wk and the daily feed quantity and nutrients provided to the breeders were not reduced from peak production through 65 wk. The data indicates the FBR and FSR changes that occurred at peak production happened independently of amino acid and energy intake.
In the present pure line study, line B was significantly heavier when compared to the other pure lines at 50 wk. The increased weight gain for line B may have been related to a significantly lower egg production at 50 wk. Line C showed the largest decrease in lean mass as a percentage of total mass during the production period. Line C was the best egg producer among all pure lines and the large loss in lean mass (elevated FBR and reduced FSR) may have helped the breeders maintain good egg production. Line C produced higher fat mass as a percentage of total mass. In general, for the 4 breeder pure lines, fat mass increased after peak egg production and lean mass decreased for the same period, which supports the present skeletal muscle FBR findings. The increase in fat mass through 45/50 wk and the reduction in lean mass for the same period is in agreement with Salas et al. (2010) . The research group observed the same pattern for fat mass and lean mass change for breeders fed six different intakes of energy (ranging from 330 to 480 kcal ME/hen at peak). Figure 6 shows the pooled breast skeletal muscle FSR, FBR, lean mass, and egg production. The graph showed that as egg production increased, skeletal muscle FSR decreased, skeletal muscle FBR increased and lean mass (grams) did not change, whereas when egg production decreased (wk 37), skeletal muscle FSR increased, skeletal muscle FBR decreased and lean mass increased.
Together, the present results suggest that the dramatic increase in skeletal muscle FBR in breeder hens is a phenomenon related to egg production but not necessarily linked to quantity of egg production as can be observed in egg number differences at 50 wk from the 4 different pure lines. This phenomenon seems to be a genetically conserved mechanism in laying birds that has been shown to be independent of nutrient intake. The overall purpose of the FBR at sexual maturity may be a mechanism to assure procreation in birds.
In conclusion, there is a large increase in skeletal muscle FBR during the transition from the pullet to sexual maturity with increases in FBR in skeletal muscle through peak egg production that produces a decrease in lean mass body content during this period. Broiler breeders may rely on skeletal muscle tissue as a source of nutrients for egg production because of an inability to partition dietary nutrients specifically into maintenance, gain and egg production.
